Riboflavin (Vitamin B 2 ) plays an important part in the process of carbohydrate, protein and fat metabolism, it also has an important role in maintaining the normal visual function of the eye and in the synthesis of hemoglobin. The chemical structure of riboflavin (6,7-dimethyl-9-(D-1-ribitil)-isoalloxazine) allows to determine the substance quantitatively by the methods of spectrophotometry, photocolorimetry, fluorometry, alkalimetry.
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The literature review has revealed the fact that today new methods for quality control of riboflavin have been developed using HPLC [1, 9] , electrophoretic extraction [5] , voltammetry [6] . In pharmacopoeial analysis for the assay method for the substance of riboflavin the European Pharmacopoeia [8] , the State Pharmacopoeia of Ukraine (SPhU) [3] , the British Pharmacopoeia [7] propose to use the absorption spectrophotometry method by the specific absorbance value, while the United States Pharmacopoeia offers fluorometry by measuring of the fluorescence intensity at the wavelength of 530 nm [10] . According to the SPhU the quantitative determination of riboflavin as a substance is performed using the spectrophotometry method by the specific absorbance in the buffer solution at the wavelength of 444 nm. The riboflavin content is calculated using the specific absorption value, which is equal to 328.
The aim of our work is to study the validation parameters of the quantitative determination method of riboflavin using the spectrophotometry method by specific absorbance in order to standardize procedures for analysis by the specific absorbance and the stage-bystage control of correctness of the results obtained during the validation experiment.
Experimental Part
When conducting the research the substance of riboflavin manufactured by Hebei Guangji Pharmaceutical Co., Ltd, No. H201005030FM meeting the requirements of the SPhU was used.
The following analytical equipment was used: a "SPECORD 200" spectrophotometer, AV 204 S / A METT-LER TOLEDO analytical balance, a "Sartorius AG" pH meter. Reagents, measuring glassware of class A (first class) and excipients meeting the requirements of the SPhU were used for the work.
The assay method for riboflavin. The assay is performed in a weakened light. In a brown-glass 500.00 ml volumetric flask place 65.0 mg of the substance and suspend in 5 ml of water R. After having wetted the substance completely add 5 ml of dilute sodium hydroxide solution R and mix. As soon as the dissolution is complete, add 100 ml of water R and 2.5 ml of glacial acetic acid R and dilute to 500.00 ml with water R. Place 20.00 ml of this solution in a 200.00 ml brown-glass volumetric flask, add 3.5 ml of 14 g/l solution of sodium acetate R and dilute to 200.00 ml with water R. Measure the absorbance of the solution obtained at the absorption maximum at 444 nm.
Calculate the content of riboflavin using the specific absorbance value, which is 328.
The compensation solution was prepared in the same way as the solution of the substance using all components except riboflavin.
The measurements were performed with 1-cm cells at (20±1)°C. The statistical processing of the experimental data was carried out according to the Article of the SPhU "Statistical analysis of the chemical experiment" N [3] .
Results and Discussion
The human factor, the conditions of equipment and premises, sample preparation, etc., impact on the quality of the results of the analysis. Qualification of equipment for pharmacopoeial analysis indicates that due to the equipment the correct results can be obtained when conducting the spectrophotometric analysis. Therefore, the qualification of a SPECORD 200 spectrophotometer according to the requirements of the SPhU has been carried out and the following parameters have been determined:
• control of cells (difference of absorbance of the compensation solution meets the requirements δ dif ≤ 0.002); • control of the absorbance accuracy. The values of the specific absorption obtained and its permissible limits for each wavelength are shown in Table 1 . The research results confirm the absorbance accuracy; • according to the results of the absorbance convergence control with removing the cells the relative standard deviation (0.0007%) to the average value has been calculated. It is less than 0.25% meeting the requirements of the SPhU); • while investigating the limit of stray light the absorbance of the solution under research is greatly increased at the wavelength between 220 nm and 200 nm, and it is 2.559 at the wavelength of 198 nm, and it meets the requirements of the SPhU. Before the experiment there were some preliminary theoretical calculations. The acceptance criteria of the assay method for riboflavin are shown in Table 2 . The additional characteristics and the acceptance criteria for the stage-by-stage control of correctness of the results obtained during the validation experiment, namely the nominal concentration of the substance in solution according to the method, the nominal absorbance and the requirements for its minimum value, the maximum uncertainty of the analysis procedure are given in Table 3 . Table 3 shows that the value of the nominal absorbance А nom = 0.420 ( ) of riboflavin does not meet the requirements of the minimum nominal absorbance:
, in our case:
The parameter of uncertainty of the specific absorbance practically does not exceed the maximum total uncertainty of the analysis maxΔ As = 3.00%.
The prognosis of the total uncertainty of the analysis results. Requirements to uncertainty of the analysis results (Δ As , %) expressed as one-sided confidence interval with probability of 95% based on the permissible limit of the substance content (97.0% -103.0%) are Δ As Table 2 The acceptance criteria of the assay method for riboflavin by specific absorbance Table 3 Additional characteristics and the acceptance criteria of the assay method for riboflavin by specific absorbance (1)
Requirements to the solvent. Water R is used in determining riboflavin as a solvent. The optical density of the solvent is less than 0.2 measured against air at the wavelength of 444 nm.
Specificity. The specificity test was performed to assess the uncertainty associated with the background absorption (δ noise , %) at the analytical wavelength in comparison with the maximum permissible uncertainty of the analysis max ∆ As :
Absorbance of the compensation solution (A blank ) was measured three times when removing the cell. It has been found that А blank = 0.03413, А nom = 0.420. The contribution of the background absorption is , it does not exceed the maximum permissible uncertainty of the analysis.
Linearity. The study of linearity was performed at 9 points. The values used for calculations (С nom and A nom ) (Table 3) Table 4 . The Table shows that the requirements for the parameters of the linear dependence are performed. The free member of the linear dependence a slightly exceeds the criterion of practical uncertainty, so it can be neglected considering that the general requirements for acceptance are valid (2.84% ≤ 4.39% = max a).
Accuracy and convergence. Table 5 shows that the method is characterized by accuracy (the systematic error δ = 0.72% meets the requirements of δ ≤ 0.96%), and by convergence (the relative confidence interval Δ Аs , % = t(95%,8) · Sz = 1.8595 · Sz = 0.83% does not Table 4 Metrological characteristics of the linear dependence (Table 6 ) has been assessed; it is insignificant compared to the maximum permissible uncertainty of the analysis results: Δ Sp = 0.39% ≤ 0.32 · maxΔ As = 0.32 · 3.0 = = 0.96%.
The total relative uncertainty of the analysis procedure was calculated using equation (1): The predicted total uncertainty of the analysis results of the assay method for riboflavin exceeds the maximum permissible uncertainty of the analysis procedure maxΔ As . CONCLUSIONS The assessment of validation characteristics of the quantitative determination method of the riboflavin substance obtained experimentally by the specific absorbance allows us to conclude that the method is characterized by good reproducibility during control of the parameters of the spectrophotometer, cells difference, accuracy and convergence of absorbance even at the low value of the nominal absorbance. Хим.-фармац. журн. -2011. -Т. 45, №7. -С. 48-51 Criterion of the systematic error insignificance 1)
2) if it is not satisfied 1), then δ ≤ 3 satisfied The overall conclusion of the method correct Table 6 The assessment of uncertainty of sample preparation of the assay method for riboflavin 
